Abstract -Since the 1990s, numerous agri-environmental indicators and indicator-based methods have been developed to assess the adverse effects of cropping and farming systems such as water pollution by nitrates and pesticides, and gaseous emissions due to nitrogen inputs. This wealth of environmental indicators and assessment methods based on indicators raises issues on the quality of the methods and of the indicators, and on the relevancy of results. Evaluation and comparative studies are therefore needed to answer such issues. Here, we present four recent comparative studies selected for their illustrative value, first, to analyse the methodologies used for comparison of methods, and second, to highlight the main results of the four comparisons. The first study involves 23 indicators to address nitrate leaching. The second study involves 43 indicators to address pesticide risk. The third and fourth studies compare environmental assessment methods based on 4-5 indicators used in French and Upper Rhine plains (France, Germany and Switzerland). Both studies also compare the outputs of the methods and highlight the low degree of convergence between them. The approach proposed in the last study is the most elaborate among the four case studies. It could be used to develop a generic evaluation and comparison methodology. The review of those four case studies shows the need to formalise the methodology underlying any comparison work of indicators or evaluation methods. environmental assessment / indicators / nitrogen / pesticide / nitrate
INTRODUCTION
During the '90s, there was a growing concern for environmental issues in agriculture, e.g. water pollution by nitrates, pesticides, erosion, or more recently, greenhouse gas emissions and biodiversity losses (Kirchmann and Thorvaldsson, 2000) . This led to the demand for operational assessment tools considered as a prerequisite to the development of new farming or cropping systems (Bockstaller et al., 1997) . This was favoured by the popularisation of the concept of environmental management approaches like the ISO-14000 which rest on the four steps of the "quality spiral of continuous process improvement": to plan, to do, to check, to act (Meynard et al., 2002) . The step "check" requires an assessment method of environmental impacts. The use of indicators has appeared as an alternative to direct impact measurement (Mitchell et al., a set of indicators addressing different environmental issues, on the other. Examples at regional (Payraudeau and van der Werf, 2005) , farm (Eckert et al., 2000; van der Werf and Petit, 2002; Hülsbergen, 2003; Meyer-Aurich, 2005) , and cropping system levels (Bockstaller et al., 1997; López-Ridaura et al., 2005; Nemecek et al., 2005) can be given for both.
This multiplicity and variety of indicators and methods raise questions. Riley (2001b) pointed out that it is a source of confusion which is increased by the fact that many methods are not evaluated for their scientific relevance and feasibility. The potential user, either a researcher working on innovative cropping systems, or an adviser working with farmers or a stakeholder involved in an environmental debate, will have questions about the selection of a given method adapted to his needs and how to make this selection. A second group of questions deals with the stability of the outputs of the different methods: do they provide the same conclusions? Answers to such questions require an evaluation and comparison study which provides information, not only about the strengths and drawbacks of each method, its field of use and validity, but also about the comparison of the conclusions derived from the outputs of the methods. Some authors (Meynard et al., 2002; Bockstaller et al., 2008) have already pointed out the requirement of a comparative analysis and validation of the various indicators available. To answer this concern of potential users, different kinds of comparative works have been undertaken. Comparison works of assessment methods based on a set of indicators, such as those at farm level (van der Werf and Petit, 2002; Halberg et al., 2005) or regional level (Payraudeau and van der Werf, 2005) are based on a descriptive approach. In other comparative studies on impact assessment (Thompson, 1990; Hertwich et al., 1997) or more specific to the agricultural sector (Gebauer and Bäuerle, 2000; Thomassen and de Boer, 2005) , authors use a set of qualitative or semi-quantitative evaluation criteria to compare the methods. No information is given on the comparison of the outputs or conclusions of the methods by all those authors, except by Thomassen and de Boer, 2005 . They also study correlation between results of comparable indicators belonging to the input-output accounting approach and Life Cycle Analysis for a dataset obtained on 8 dairy farms.
This short review of the literature points out the diversity of approaches and a lack of formalised comparison methodology. The first goal of this article is to analyse the methodologies used in four comparative studies (CORPEN, 2006; Devillers et al., 2005; Galan et al., 2007; Bockstaller et al., 2006) , selected to derive some methodological principles for potential users who need to undertake such a comparison. Second, the main results of the four comparisons will be highlighted to guide potential users of indicators or an evaluation method in their choice. Attention is paid to agronomists working on the design of innovative cropping systems and to environmental impact due to pesticides and nitrogen issues, for which many indicators are available. The four case studies structuring the article were selected for their diversity and illustrative value. The type of indicators and methods covered by the case studies and their target users, agronomists assessing and designing cropping systems, was another reason for their selection.
PRESENTATION OF THE FOUR CASE STUDIES:
CONTEXT AND METHOD OF COMPARISON
Comparison of indicators assessing nitrogen losses

Context of the work
The work was initiated by the CORPEN organisation, which depends on the French Ministry for Ecology and Sustainable Development and has the mission to bring together experts and stakeholders involved in the issue of water quality and agriculture in order to deliver recommendations (CORPEN, 2006) . The objective was to help users to choose and to implement indicators depending on the question and the scale of study. It was carried out by a group of experts on nitrogen fertilisation and losses, from research and technical institutes. The expert group listed 23 indicators currently used by agricultural advisors, farmers or even public policy agents to assess nitrogen losses in France, and especially nitrate leaching at farm and regional levels. For the sake of concision, we will restrict the presentation of this work to the field and farm scale since our article addresses the evaluation of cropping and farming systems.
Method of comparison
A descriptive sheet was filled in for each indicator with a list of descriptors: reference values, calculation method, time and spatial scale, periodicity of calculation, time for implementation, recommendations for interpretation and similar indicators, etc. In the report of the project, a synthetic table was added to present the assessment of two evaluation criteria for 15 indicators: (1) the feasibility, i.e. easiness of implementation due to accessibility of data and cost of implementation expressed on a qualitative scale between 1 (low) and 4 (high), and (2) the relevance assessed by experts on a four-class scale, from 1 (indicator not to be implemented alone) to 4 (indicator "advised"). Indicator sheets as well as the two evaluation criteria were filled in by members of the group of experts and validated by the group of experts. A selection of descriptors and the assessment of the two criteria are presented in Table III in Section 3.1 of the "results" chapter.
Comparison of 43 pesticide risk indicators
Context of the work
This work followed the studies of Maud et al. (2001) and Reus et al. (2002) who compared, respectively, 6 and 8 pesticide risk indicators. The study was ordered by the French Ministry for Ecology and Sustainable Development and was expected to be as exhaustive as possible to make the review available to a large panel of users and to help the ministry to choose the "best" indicators for the assessment of its policy (Devillers et al., 2005) .
Method of comparison
Each indicator was presented in a descriptive sheet, with a list of 25 criteria, a short presentation of the calculation, and the list of the parameters and variables used for calculation (Devillers et al., 2005) . The following criteria were used (1) some general descriptors on the use, users and planned use, (2) others on the spatial scale, the environmental compartments taken into account and the calculation method, (3) some information useful for assessing the qualities of the indicators, the calculation time, and the existence of a scientific validation procedure according to the framework of Bockstaller and Girardin (2003) , and (4) finally, four evaluation criteria expressed on a qualitative four-level scale: -, -, +, ++ covering the readability, the feasibility, the reproducibility and the relevance for the end-users. All the indicator sheets as well as the evaluation criteria were filled in by the same person and validated by a group of experts. Information sources were the references from grey and scientific literature. No implementation test was presented in this book. For the sake of concision, the number of indicators presented in this article was reduced to a selection of indicators chosen for their illustrative value or because they are already implemented (see Tab. IV in Sect. 3.2 of the "results" chapter).
Comparison of 5 assessment methods of sustainability in France
Context of the work
This work was launched by a regional organisation, AgroTransfert, at the request of the agricultural sector's representatives to develop a quality management and environmental management approach in the Picardie region, North of France (Galan et al., 2007) . The first step was to develop a regional benchmark for good farming practice "Quali'terre" (Aubry et al., 2005) . The second step (developed as an extension to the "Quali'terre" programme) is the development of an environmental management system which is relevant and userfriendly. In order to have a state of the art of the existing tools and to choose the best fitted tool, Agro-Transfert performed a comparison of the five methods used most frequently in France to evaluate the environmental impacts of agriculture. Those methods are all based on a set of indicators addressing different environmental themes, whereas the first method below also includes the economic and social dimensions of sustainability. The five methods are:
(1) IDEA ("Indicateur de Durabilité des Exploitations Agricoles"), which was developed by a working group under the patronage of the French Ministry of Agriculture (Vilain et al., 2008 (Bockstaller et al., 1997) .
Method of comparison
As for previous work, a set of criteria was selected by the authors to compare the methods: (1) general criteria: type of agricultural production evaluated, spatial scales, implementation time, target users, spreading and developers; (2) environmental themes and impacts, (3) main activities, crop rotation, nitrogen fertilisation, etc., (4) aggregation levels, calculation method, rating scores and thresholds, and (5) type of data required (field data, management at farm level, sensitivity of the environment). Unlike the second case study on 43 pesticide indicators where each indicator was described and evaluated in a separate sheet, the methods are here compared directly in tables.
To get some of those data, e.g. implementation time, the authors tested the five methods on a set of 15 farms in Picardie (all with cereals and sugar beet, +450 ewes for 1 farm, +50 beef for 1 farm, + potatoes for 3 farms, + vegetables for 1 farm, size ranging between 93 and 460 ha). The results obtained with each method on the 15 farms were compared in two ways:
-For a single impact, the results for all 15 farms were compared with each of the five tools. The effect of crop protection on water quality was selected. -For each method, the individual result for four different activities (management of inert waste, nitrogen fertilisation, crop protection and energy management) within the "water pollution" theme were compared on one particular farm.
The results of the indicators were normalised by expressing them as a percentage of the maximum possible rating for the indicator, so that they can be compared (Nardo et al., 2005) .
Comparison of four farm management tools in the upper Rhine plain (COMETE project)
Context of the work
The last work was initiated in a transregional context, in the upper Rhine plain by French, German and Swiss partners in 2003. The French and Swiss methods were compared with two German tools widely used in Germany. As in the previous 226 C. Bockstaller et al. Table I . List of evaluation criteria used in the COMETE project study, the four selected methods based on a set of environmental indicators are:
(1) INDIGO , also compared in the previous project (see Sect. 2.3 .2). (2) SALCA ("Swiss Agricultural Life Cycle Assessment), developed at the Agroscope ART Reckenholz in Zurich (Switzerland), (Rossier and Gaillard, 2004) . (3) KUL/USL (Criteria and Standards for Sustainable Agriculture), developed at the state agricultural institute of Thuringe in Iena (Germany), (Eckert et al., 2000) . (4) REPRO, developed at the University of Halle (Germany), (Hülsbergen, 2003) .
The tools were assessed according to the version valid in mid-2004. For REPRO, only a subset of the whole indicator set with high relevance for environmental items was analysed.
Method of comparison
Since no adapted methodological framework for comparison was found in the literature, the working group of the COMETE project developed its own approach, which consists of two stages: -First, a comparative evaluation using a list of criteria which were grouped into three domains ("scientific soundness", "feasibility" and "utility") (Tab. I) -Second, the test of the implementation of the methods in a set of 13 farms. For the first step, for each criterion, a score between 1 (the lowest) and 5 (the highest) was defined by a set of decision rules. An example is given in Table II , the details being available in Bockstaller et al. (2006) . The criteria addressing the users' needs and the whole list were discussed during a workshop with the three identified user groups: farmers, advisers and agents of administration.
The four methods were evaluated by the authors themselves for INDIGO and SALCA and validated by the whole working group. For the German methods the authors did not take part in the project, so the group decided to send the evaluation carried out by the German partner to the developers of the two methods. The feedback of the latter was validated by the working group. The previous evaluation was completed by a test of the methods on a group of 13 farms (3 in Switzerland, 5 in France and 5 in Germany) for two years. The type of production was various, arable farms (maize monoculture, cereals), arable farms with special crops and mixed farms (arable crops and cattle or milk) Following the evaluation with a set of criteria, the results obtained on the group of farms were compared in two ways. First, an aggregated indicator was calculated by means of an average value which was weighted for SALCA according to the experience gained by sensitivity analysis by the authors, without a weighting procedure for INDIGO and KUL, and a sum of scores for REPRO. The ranking of farms obtained with each aggregated indicator was compared by means of Spearman's correlation coefficient. Second, the conformity of recommendation derived from the indicators was compared by means of a newly developed index of conformity ranging between 0 (no conformity between the methods) and 1 (total conformity between the methods):
with: i pqr : degree of achievement of recommendation r for the production factor q for farm p for method 1; j pqr : degree of achievement of recommendation r for the production factor q for farm p for method 2; n, b, vk: respectively, number of, farms, production factors and recommendations per production factor. For example, the production factor "nitrogen management" was decomposed into recommendations like "reduce the amount of fertiliser"; "increase the amount of fertiliser", "change the type of fertiliser" and "change the date, method of fertilisation". If a method gives the recommendation "reduce the amount of fertiliser", the degree of achievement will be 1 for this recommendation and 0 for the other recommendation. It should be noticed that a value inferior to 1 can be given if more than one recommendation is given.
MAIN RESULTS OF THE FOUR CASE STUDIES
Comparison of indicators assessing nitrogen losses
Several groups of indicators can be distinguished in Table III: (1) a first group of simple indicators focusing on nitrogen input management, mainly mineral/organic fertilisation, but also organic input due to grazing. They are considered as descriptors of practices; (2) a second group addressing soil cover in winter, assessing nitrogen uptake during the period after harvest until winter, and (3) a third group resulting from the combination of variables such as nitrogen balance or model-based. Some of them are based on calculation of the input-output balance to estimate surplus. Others include nitrogen cycle processes to estimate fluxes/emission of nitrogen. Among them, the nitrogen indicator from the INDIGO method (I N ), based on an operational model, provides the amount of nitrogen lost to water and air , whereas DEAC focuses on nitrate leaching in winter (Cariolle, 2002) . The evaluation of the relevance and feasibility shows a relative discrepancy between the feasibility and relevance for the first and the last group in Table III. Indicators from the first group are straightforward to calculate (high feasibility) but not really relevant if they are used alone. In contrast, indicators including in their equation nitrogen cycle processes gain in relevancy to the detriment of feasibility. In the description sheet of each indicator, recommendations are given to the users about interpretation of results and the domain of validity, and propositions of complementary indicators are given to improve the relevance of the first group. An example can be given for indicators based on the calculation of a balance (input minus output) used by several authors and institutions as an indicator for nitrogen losses (e.g. Goodlass et al., 2003; EEA, 2005) . However, several authors (Lord et al., 2002; Oenema et al., 2005; ten Berge et al., 2007) pointed out by comparison with measurements of nitrate leaching that such nitrogen balances are bad estimators of nitrate leaching risk, if they are used on an annual basis (Laurent et al., 2000) . Thus, the report recommended an interpretation based on pluriannual calculation.
Comparison of 43 pesticide risk indicators
The output of the work was a book describing the 43 indicators, 24 in a detailed way and 19 in a simplified way. Several groups of indicators can be distinguished: (1) indicators resulting from transformation of variables into scores and summed up or aggregated in an empirical way, among them EIQ, one of the first indicators published (Tab. IV); (2) a second group of indicators uses outputs from model calculation. 14 indicators among the 43 are based on the risk ratio approach which is used in registration of pesticides (Vercruysse and Steurbaut, 2002) : it is the quotient of the estimated human exposure or predicted concentration and toxicological reference value used for different environmental compartments, e.g. EPRIP, POCER. (3) The third group contains specific approaches such as the qualitative one based on decision rules associated with fuzzy logic (e.g. I-Phy) or based on a multicriteria ranking method (Vaillant et al., 1995; Aurousseau, 2004) .
Other trends which can be pointed out through this comparison is the lack of indicators which were validated by comparison with experimental data (12 among the 43), only one (EYP) being validated by end-users (Bockstaller and Girardin, 2003) . Most of the indicators are calculated on the field scale and only 3 among 43 on the watershed scale, which is relevant for assessment of surface water quality. The implementation of the indicator requires in general less than 1 hour per calculation, except for EPRIP and EYP, which need more time because of the high number of data for calculation. Only 8 among 43 propose reference values which help users in the interpretation of the outputs. No specific focus was put on the use of the indicators.
Comparison of 5 assessment methods of sustainability in France
The first part of the work is descriptive. A synthesis of the results is given in Table V . Besides general information, Galan et al. (2007) assess on a qualitative scale the degree of coverage of environmental themes and farm activities (practices) at field as well at farm level. For the first item, "water quality (sporadic pollution)", "air quality" and "social environment (noise, odours)" are not covered by a majority of methods, whereas for the second item, most of the methods neglect or poorly integrate the activities "construction/modification of buildings or storage", "production of renewable energy" and "management of inert waste". Additional information is given on the type of data needed for which INDIGO differentiates from the others by using detailed field practice data and data on the sensitivity of the environment, soil and climate, but no site data such as maintenance of the storage tank or sprayer, or building management. About the aggregation of the information, most of the methods use a simple method based on the sum of scores, and product (for DIAGE), whereas indicators in INDIGO are based on models and expert systems .
The authors go a step further by comparing the five assessment methods for water quality. They compare the impact of pesticide use on 15 farms. The normalised values of the pesticide indicators are represented in Figure 1 . All the methods except DIAGE, and DIALOGUE to a lesser extent, show significant variations between farms. IDEA yields in general higher results, showing less impact on water quality, than the other methods. In any case, no correlation between methods appears on the sample of farms, which means that the recommendations for pesticide management will not be the same between methods for a given farm. This can be explained by the difference between methods in: (1) the integration of aspects of sporadic pollution (point source), as is the case for IDEA and DIAGE, (2) type of data used, pesticide properties (INDIGO and DIALOGUE), and soil and environment sensitivity (INDIGO and DIAGE), and (3) the aggregation method. Similar discrepancies between the five methods are found for one particular farm when they are compared on four different activities (management of inert waste, nitrogen fertilisation, crop protection and energy management).
Comparison of four farm management tools in the upper Rhine plain (COMETE project)
Based on the versions available in mid-2004 for the four methods and on a subset of indicators for REPRO, the results yielded by each method for the 15 criteria are shown in Figure 2. For the domain "scientific soundness", SALCA presents the best environmental scores, but none of the methods was able to cover all relevant environmental issues, especially regarding biodiversity. The low scores of INDIGO for the criteria "coverage of agricultural production" and "consideration of production factors" result from its specialisation in plant production. However, this method allows a detailed analysis of a cropping system, enabling the user to trace the cause of an environmental risk to the management, e.g. risk analysis of each pesticide application, taking into account the field conditions, tillage, spraying techniques and active ingredient properties. The "depth of environmental analysis" is low for REPRO due 
Table V.
Comparison of 5 assessment methods of environmental sustainability in France (Galan et al., 2007) . In Galan et al. (2007) to the fact that this method considers for each environmental issue all types of indicators without priority despite the risk of redundancy between them; and for KUL, due to the type of indicator (mainly only driving forces). Those take into account only farmers' practices and not emissions or impacts. The low score of KUL/USL for the criterion "transparency" reflects the non-accessibility of the software, which is balanced by the score in the domain "feasibility" for which KUL/USL receives the best score as a result of its cleverly devised organisation form. On the contrary, SALCA's electronic entry data form was not user-friendly. The evaluation with REPRO is comparatively more time-consuming. For the domain "utility", no great differences were observed between the four methods. The better score of KUL/USL is due to the criterion "communicability" thanks to the possibility of labelling, which is compensated for by the lack of specific recommendations at field level.
Method
Type of production
There was a high correlation between SALCA, REPRO and INDIGO (not enough farms for KUL/USL) regarding the environmental ranking of the analysed farms (Spearman coefficients range between 0.72 and 0.88, see Fig. 3a) . In other words, for the four methods, there is no reason to fear that the choice of the environmental management tool determines whether a farm performs well or badly from an environmental point of view. On the other hand, the conformity index shows a low convergence between the recommendations for the four methods (index range between 0.48 and 0.64, see Fig. 3b ). These discrepancies are explained by major conceptual differences between the investigated methods, namely: (1) in the different environmental issues considered. This can be illustrated by the phosphorus management: INDIGO addresses soil fertility issues which can lead to a recommendation "increase the amount of fertility", whereas SALCA focuses on eutrophication (of soil and water) and environmental soil quality aspects (here linked to heavy metals present in some fertilisers). Provided that a minimal yield is reached, SALCA does not recommend from an environmental point of view to increase the amount of fertiliser, whereas INDIGO can do it to maintain soil fertility. (2) In the production factors which are used for the calculations of indicators dealing with similar issues. INDIGO and SALCA take into account amount of nitrogen, crop management, e.g. soil cover in winter, and soil mineralisation to assess nitrate leaching, whereas KUL and REPRO, for the indicator considered in the study, only take into account nitrogen input and output, and (3) to a lesser extent in the benchmark used to derive a recommendation for some similar indicators.
Besides the evaluation with criteria and the comparison of outputs, some general qualitative aspects were pointed out through the experience gained by implementing the method on farms. Two deserve more attention. The implementation of a method outside the country where it was developed raises several problems such as the accessibility of data or different description schemes for the same issue (especially for soil description) and bugs in the software due to national parametrisation. On the other side of the chain, the user stands alone for the interpretation of results and is not provided by any methods with an interpretation system in the software to interpret the results except for KUL. In this case, the user receives a written report with the interpretation and recommendations to improve the system. However, the user does not have access to the calculations and has to pay for those recommendations.
DISCUSSION
In this discussion we will not discuss the results obtained for each method but focus on the methodology used to compare and evaluate assessment methods or thematic indicators. First, it should be noticed that if such a study is in many cases user-oriented, it can also help indicator or method developers to improve their methods. For example, the work on pesticide risk indicators was followed by a second project on indicator validation (Girardin et al., 2007) and on the improvement of two of them, e.g. introduction of a risk component on biodiversity. The developers of SALCA took into account the poor assessment of their method according to the criteria "integration with existing farming software" and "user-friendliness" (see Fig. 2 ) for the SALCA version of mid-2004. They integrated the use of commercial farm management software for the data collection and the implementation of a new software program for data validation and preparation before calculation for the last two years. The comparison of the 5 assessment methods in the third case study led the authors to develop a new method more fitted to the need of the local users.
In Table VI we synthesise the main features of the comparison and evaluation approaches used for the four case studies of this article. It highlights the variability between the approaches, explainable by a lack of a generic methodology. The criteria and their organisation vary between the case studies. Criteria on feasibility and relevance (or soundness) can be found in the four cases. This can be compared with previous studies. Hertwich et al. (1997) proposed only three criteria: "information requirement", "tolerance for imperfect information" and "potential for undesirable outcome". Other authors such as Gebauer and Bäuerle (2000) or Thomassen and de Boer (2005) developed a longer list organised, respectively, into different groups: "implementation" and "utility", and, "relevance" for user, "quality" and "availability of data". Other comparative studies remained mainly descriptive, including information on the time needed for data collection and recommendations on the type of indicators and linked issues, e. . Such descriptive comparison studies allow the users to know the construction methods better, and to appropriate the tools and complete the evaluation step which highlights strong and weak points of each method.
It should be noticed that the cost of implementation is not used in the four case studies or by all the authors previously quoted, although it is an important criterion (Romstad, 1999) . This can be explained by the fact the studied methods were at an experimental stage, and that most costs are internalised by the method developers so that no realistic assessment of this criterion could be achieved.
From the list of criteria presented in Table VI or used by other authors, it appears that the meaning of the word can in some cases vary between authors. With regard to the feasibility, Hertwich et al. (1997) , like Thomassen and de Boer (2005) , linked it mainly to the availability of data, whereas it covers more aspects in the fourth case study (COMETE project), like in the work of Gebauer and Bäuerle (2000) . Even within a working group like this of the CORPEN, the assessment of the criterion "relevance" was not so easy. It refers to a synthesis or even compromise of criteria such as sensitivity, representativeness, legibility and robustness, which are not so easy to specify. This explains the reason why the group of the COMETE project prefers to increase the number of criteria with the risk of providing too much information to the user. A solution to this inflation of criteria would be to synthesise the outcome of the evaluation with a multi-criteria analysis, as was proposed for social validation of indicators (Cloquell-Ballester et al., 2006) .
The objective of the CORPEN group (CORPEN, 2006) was to guide the users in the selection of indicators addressing the nitrogen leaching issue in order to avoid misuse outside the domain of use, or misinterpretation. In the study of the CORPEN group, an evaluation of indicators is briefly presented in the main text but no criteria are given in the descriptive sheet, whereas a synthesis in the form of text but no comparative tables are given in the book of Devillers et al. (2005) . A database with queries to help to choose a pesticide indicator is in development (Girardin, personal communication) . The third comparative case study (Galan et al., 2007) provides several tables comparing the French assessment methods for their technical features regarding their calculation method, the domain of use, etc. which could be used for an evaluation work. The time for implementation is quantified but not valued like in the last case study, the COMETE project . The last case study, the COMETE project, clearly differentiates description and evaluation and proposes a method based on a set of criteria with decision rules to assess them (see Tab. II). This should increase the transparency. However, a degree of subjectivity may remain in the criteria of the COMETE project as some criteria are the results of a scoring procedure without decision rules, e.g. coverage of an environmental issue. The cross-validation which was done in the project could help to reduce the subjectivity. Another point to notice is the effort to make the evaluation more precise by differentiating different user groups. The authors of the COMETE project identify three groups (farmers, advisers and employers of administration) which are differentiated for the evaluation of two criteria, accessibility of data and coverage of needs. This was also done by Thomassen and de Boer (2005) , who added a fourth group of scientists to the three groups for one criterion, "comprehensibility". A criterion such as accessibility of data also has to be adapted to the context of use. Some data, such as those describing soils, vary a lot between countries or even regions ).
An interesting output of the third case study (Galan et al., 2007) is the comparison of the outputs of the methods, which is rarely done according to our knowledge. Examples can be found in the literature on comparison of outputs for pesticide risk indicators (Maud et al., 2001; Reus et al., 2002) . However, those authors compared the ranking of pesticides but did not take into account the absolute value of the indicator, so that the actual difference between the results of two indicators is not assessed. In the work of Galan et al., assessment methods based on different sets of indicators are compared. Consequently, Galan et al. (2007) restricted the analysis to comparisons farm by farm or indicator by indicator. In the COMETE project, results of the individual indicators are aggregated although the developers (except for REPRO) do not propose it for users because of methodological problems due, for example, to the addition of scores (Schärlig, 1985) . The second approach based on a conformity index is original and avoids this problem. However, it requires an effort of formalisation of the potential recommendations for each indicator within an evaluation method. Comparisons of outputs in Galan et al. (2007) , like the comparison of recommendations in COMETE, yielded poor convergence between the compared methods, which can be explained by the ground difference in assumptions and choices in the calculation methods. The potential users should be aware of this, which is only possible if those assumptions are transparent.
CONCLUSION
This article highlights through the four case studies the variability in approaches used to compare indicators or assessment methods. The first two studies focus on, respectively, 23 and 43 indicators addressing the nitrate leaching issue and pesticide risk, respectively. Those studies provide a lot of descriptive information about the indicators summarised in the article. Few evaluation criteria are used to point out strong and weak points of those indicators. The third and fourth studies compare environmental assessment methods based on indicators, respectively, five used in France and four tested in the upper Rhine plain (France, Germany and Switzerland, COMETE project) . Both studies also compare the outputs of the methods and highlight a low degree of convergence among them. The approach developed in the COMETE project appears to be the most elaborate. It should be tested in other comparative studies like the third case study. An adaptation to the comparison of pesticide risk indicators is ongoing in the Endure network (Kägi et al., 2008) Our study can contribute to developing a "meta-method" which should help with the selection of indicators or of assessment methods. Such a "meta-method" could rest on a list of criteria like those of COMETE which would require local adaptation: which criteria are relevant for a given context, but also how they should be assessed, e.g. availability of soil data, which can change between countries or even regions. It should include descriptive information, evaluation criteria based not only on theoretical information but also on a test in practice. Basic assumptions, the potentialities of the methods, e.g. environmental issues covered, factors addressed, should in any case be stated clearly because they strongly influence the final results and explain the divergence between methods in terms of recommendations. Further work is needed to help users to cope with those potential discrepancies between indicators for the same issue, or between assessment methods.
